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[57] ABSTRACT 
This invention relates to an improvement in an airplane 
having two superposedly-arranged upper and lower 
sweptback wings which together form a closed frame, 
with reference to a front view thereof, the improvement 
comprising a rhombic shape of the frame with the upper 
wing having a negative V-position and the lower wing 
having a positive V-position, both of the wings being 
rearwardly sweptback, and the upper wing being more 
markedly sweptback than the lower wing, and at least 
the leading edge of the upper wing being positioned 
forward of the lower wing. 

4 Claims, 11 Drawing Figures 
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AIRPLANE WITH TWO SUPERPOSED WINGS 

The present invention relates to airplanes with two 
superposedly-arranged sweptback Wings which to 
gether constitute a closed frame in a front view thereof. 
Such wing con?gurations are based on the fact that, 

in the case of a ?nite wing moved through the air, there 
is effective, in addition to the frictional resistance, an 
induced drag which is proportional to the square of the 
lift and inversely proportional to the geometric exten 
sion of the wing in the direction of its span (in the direc 
tion of the y-axis) and height (in the direction of the 
z-axis). These interrelations were ?rst dealt with theo 
retically by Ludwig Prandtl and Max Munk. 

In the mathematical model representation used as a 
basis in this connection, the wing system is composed of 
lifting or supporting vortices with constantly changing 
circulation. Formed adjacent thereto are follower 
wakes or trailing vortices whose intensity of circulation 
corresponds to the change of the wing circulation, and 
which extend to in?nity substantially in the current 
direction (in the direction of the x-axis). It is assumed in 
this connection that the form or shape of the vortex 
wake or trailing vortex and its circulatory distribution 
will not change so that cross-sections through the vor 
tex wake or trailing vortex at a right angle to the air?ow 
direction always adopt the form or shape of the wing or 
wing system about which the air ?ows, in a front view 
in the direction of the x-axis. The position of the wings 
or wing parts with reference to the x-direction does not 
enter into this theory. The induced drag is accordingly 
dependent only upon the form or shape of the cross-sec 
tion through the vortex wake or trailing vortex far 
behind the wing. 

In the theoretical investigations of Prandtl et al and 
others, a number of cross-sectional wing shapes, and 
thus of wing system shapes of equal span and equal lift 
have been compared with each other. Indicated therein 
are the proportions or ratios of the induced drag of a 
non-planar wing system with respect to that of a planar 
elliptical wing. It was found that this resistance ratio K 
represents a code or coef?cient speci?c for a speci?c 
cross-sectional form or shape. Thus, for example a wing 
arrangement in biplane construction with a distance 
ratio of 0.5, based upon the distance of the wings in the 
direction of the z-axis, compared with a monoplane 
having a distance ratio of 0, has an induced drag approx 
imately 38% lower with the same span and the same 
aerodynamic lift. Under the same premises, a wing with 
end plates having the same height as the distance of the 
wings of the biplane arrangement has 47% less; an annu 
lar wing and a biplane arrangement with end plates (box 
wings) with a height ratio of 0.5 has only half the in 
duced drag as compared with the monoplane or single 
wing construction. 
The aforementioned wing system in biplane construc 

tion has been known since the beginnings of ?ight. The 
advantage of this construction resides, in addition to the 
low induced drag, in the low wing weight attainable 
therewith. Because of the necessary reinforcements of 
the wings, the undesirable resistance, however, is rela 
tively high, and as a consequence thereof, the use of this 
wing construction is considerably restricted. 
While the construction with only one wing and end 

plates mounted thereon has a very low induced drag, as 
has been mentioned hereinbefore, it does have a high 
speci?c wing weight. The results from the relatively 
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2 
uniform circulatory distribution over the wing span 
which produces a high root bending moment. 

In the known wing con?guration in box form or 
shape, the straight wings are provided in a staggered 
manner with respect to the incident air?ow from the 
front, and speci?cally in such a manner that the lower 
wing, with reference to the oncoming air?ow is posi 
tioned rearwardly with respect to the upper wing. The 
wings are therein connected with each other at their 
ends by end plates. The end plates have an inclined 
position in the direction of the x-axis corresponding to 
the staggered arrangement of the wings. While this type 
of wing arrangement has a relatively low induced drag, 
here again there arise high root bending moments at the 
pivotal points of the wings at the air-plane fuselage. 
This requires at the wing root a corresponding wing 
thickness with adverse effects relative to the weight and 
also at supersonic ?ow. 
Another known wing construction or arrangement 

has two wings, wherein the forward one has a trailing 
sweep with negative V-position, and the second one has 
a forward sweep with positive V-position. The two 
wings terminate in a common wing tip. 
Known moreover is a wing con?guration which has 

a rearwardly sweptback upper wing without V-posi 
tion, and a lower forwardly sweptback wing with posi 
tive V-position, wherein the wings extend at the outer 
edges thereof into spindle-shaped bodies. 

Additionally known in the art is a wing con?guration 
which is box-shaped in a front view and in which a 
lower rearwardly sweptback wing is interconnected 
with an upper forwardly sweptback wing by way of 
sweptback end plates. 

It is the object of the present invention to provide an 
airplane of high maneuverability and adaptability with 
simultaneous provision for high ?ying speeds by means 
of a special wing construction having a high lift coef?ci 
ent with small resistance, both in supersonic and sub 
sonic ranges, as well as having low weight. 

In such an airplane which is intended to have high 
maneuverability, a number of requirements must be met 
which bear close relationship with each other. Thus, the 
wing construction must produce as low a resistance as 
possible both at subsonic and at supersonic speeds. Fur 
thermore, a high lift coef?cient must be attainable, and 
lastly, the aforementioned requirements must be attain 
able under the condition of as low a weight as possible. 
From the stipulated requirements result, however, a 

number of problems which, in the known wing con?gu 
rations, cannot, or can be only partly, considered as 
having been solved. When, for example, an airplane is 
constructed with a wing having a large aspect ratio or 
span, only the requirements of low resistance at sub 
sonic speed and a high lift coef?cient are attainable. In 
order that one be able to ful?ll the requirement of a 
structure having the lowest possible weight, relatively 
thick wing pro?les are needed for as great as possible a 
height of the wing spars. Such a construction, in turn, 
contradicts, however, the requirement, also to be con 
sidered, of as low as possible a resistance at supersonic 
speeds. For supersonic ?ow, thin wing pro?les are em 
ployed inasmuch, as is well known, the wave resistance 
or drag increases to the square with the pro?le thick 
ness. The load factor arising in airplanes with a high 
maneuverability during ?ying maneuvers forces one to 
use relatively compact wings, i.e. wings having a small 
aspect ratio. With this construction, however, the re 
quirement for the lowest possible resistance and greatest 
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possible lift coef?cient is not attainable, as already has 
been indicated hereinabove. 

In order to arrive at better solutions, or at least com 
promises with respect to the requirements stipulated 
hereinabove, it has become known in the art to produce 
additional vortices, for example by means of strake 
wings, or to provide auxiliary wings. The additional 
vortices also may be stabilized by means of gas jets, as is 
generally known. Another known measure in this con 
nection is the provision of leading and trailing edge 
?aps, or the pivoting of the entire wing. These mea 
sures, however, signi?cantly increase the weight due to 
the lift necessary for the pivoting of the wings and/or 
flaps, and also increase the required costs. Yet, with the 
wing constructions or con?gurations known to date, 
the disadvantages indicated cannot be eliminated with 
out compromise solutions. 
The object sought to be obtained according to the 

present invention is attained by virtue of the fact that 
the frame arrangement of the wings has a rhombic form 
or shape with an upper wing having a negative V-posi 
tion, and a lower wing having a positive V-position, 
that both wings are rearwardly sweptback, that the 
upper wing has a greater sweepback than the lower 
wing, and that the upper wing is positioned ahead of the 
lower wing at least with its front edge, with reference to 
the air?ow from the front. 
With such a wing construction and arrangement it is 

possible to realize an airplane having an extremely high 
maneuverability. The induced drag is low both in the 
subsonic and also in the supersonic ranges with respect 
to the known wing constructions, with a simultaneously 
relatively low weight. While, in the box wing, the aero 
dynamic forces at the wing connection are transmitted, 
as in the individual or single wing, also as transverse 
force and as root bending moment, the root bending 
moment is eliminated in the wing system provided by 
the present invention. What does arise are only trans 
verse and longitudinal forces so that at the inner wing 
part (the wing part in proximity to the fuselage) and the 
wing connection structure of the fuselage, a consider 
able amount of weight is saved. With the determined 
structural weight of the airplane it is possible, according 
to the present invention, that the wing system be im 
parted a greater span and that thus the induced drag be 
reduced. As a result of the fact that, in the inventive 
wing construction, the root bending moment is elimi 
nated, it is possible that the individual or single wings be 
hingedly connected at the fuselage. In this manner it is 
possible that in the area of the inner wing, i.e. the part of 

_ the wing positioned in proximity to the fuselage, a pro 
file thickness of l to 2% of the pro?le depth is realized, 
whereby the wave resistance or drag is there greatly 
reduced. The mutual wing support allows for a rela 
tively great span and area of the wings, and, on the basis 
of the mutual wing interference, a high maximal lift is 
achieved without movable ?aps. This too signi?es a 
further reduction of the weight of the aircraft. Further 
more, a high lift coefficient thereby may be achieved 
both in the subsonic and in the supersonic ranges. 

It is further proposed, according to another embodi 
ment of the present invention, that, with approximately 
half the value of half the span, both wings have a verti 
cal height distance of approximately one third of the 
depth of one of the wings. This particular construction 
of the wing system results, with the corresponding ad 
justment (setting angle) of the two wings with respect 
to each other in a two-dimensional flow, in a biplane 
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4 
arrangement by means of which an improved glide ratio 
and a high maximal lift are achieved as compared to 
individual or single wings. 
For the further embodiment of the present invention 

it is also proposed that the upper wing is more markedly 
sweptback than the lower wing and includes approxi 
mately a negative V-position within a range of 6° to 10°, 
and the lower wing includes a positive V-position 
within a range of approximately 6° to 10°. 

Furthermore, a speci?c embodiment of the inventive 
wing system consists in that at least one of the two 
wings has within the area of the fuselage markedly 
sweptback front edges drawn or pulled forward in 
known manner. Strake wings produce the free forward 
edge vortices known from delta wings which contribute 
to a further increase of the lift. 
According to yet another embodiment of the present 

invention, it is provided that the wings are intercon 
nected within the area of the outer edges thereof. More 
over, it is proposed by the present invention that both 
wings adjoin a common wing tip, and that the wings 
structurally adjoin each with the outer edge thereof a 
common disc-shaped end pro?le part extending at a 
right angle to the wing span. Thus formed is a structur 
ally rigid triangular connection. As compared to the 
single wing or monoplane and the box wing, the root 
bending moment is advantageously eliminated, as al 
ready has been mentioned hereinbefore. Only trans 
verse and longitudinal forces arise so that the connect 
ing wing structure may be dimensioned correspond 
ingly lighter. With the predetermined structural weight, 
a further increase of the wing span thus may be realized. 
Also achieved with the inventive construction, in addi 
tion to the features set forth above, is a signi?cant im 
provement of the maximal lift and of the glide ratio. 
A further essential feature of the present invention 

moreover resides in that the wings display directly in 
the area of the outer edges a height distance with re 
spect to each other which is smaller than one third of 
the wing depth. 
The inventive wing system is not limited to the use in 

airplanes of the type mentioned herein. Rather, also the 
wings of transonic transport planes may be constructed 
in the manner set forth herein. Also the wings of hydro 
foils may be constructed as proposed by the present 
invention. 
Embodiments according to the present invention and 

a comparison of various wing con?gurations are illus 
trated in the accompanying drawings, wherein 
FIG. 1 is a side view of an airplane with the inventive 

wing system; 
FIG. 2 is a front view of the wing system according 

to FIG. 1; 
FIG. 3 is a top plan view of the wing system accord 

ing to FIG. 1; 
FIG. 4 is a perspective view of the inventive wing 

arrangement or construction; 
FIG. 5 is a schematic view of the ?ow conditions or 

ratios at the wing system, in perspective; 
FIGS. 5a through 50 schematically illustrate, in a 

section from FIG. 5, embodiments of the wing tips, and 
FIGS. 60 through 60 illustrate the comparison of 

known wing constructions with the inventive wing 
system in a graph for purposes of comparing the wing 
distances in the direction of the vertical airplane axis 
and the span. 
The airplane illustrated in FIGS. 1 through 5 of the 

drawings has a fuselage 2 with the nose 3, the fuselage 
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central part 4, and the tail part 5. Arranged in the con 
ventional manner at- the tail part 5 is the tail unit or 
assembly which has here a pendulum horizontal stabi 
lizer 11 and a rudder assembly ?n 13 with a rudder 
surface 14. The speci?c arrangement of the horizontal 
stabilizer 11 at the airplane fuselage 2 will be further 
described hereinbelow. 

Hingedly connected to the airplane fuselage 2 are an 
upper rearwardly sweptback wing 20 and a lower 
equally rearwardly sweptback second wing 20'. The 
upper wing 20 has a negative V-position while the 
lower wing 20’ has a positive V-position. The upper 
wing 20 is secured to the fuselage 2 in the form of a 
high-wing rnonoplane arrangement and the other wing 
20’ in the form of a low-wing rnonoplane arrangement. 
Both wings 20 and 20’ extend toward their outer edges 
25 and 25' with a trapezoidally-decreasing wing depth 
T. In the front view, i.e. seen in the direction of the 
x-axis (the longitudinal air-plane axis), the wings 20 and 
20' circumscribe a closed frame which has the form or 
shape of a rhombus or of a parallelogram. 
On both sides of the airplane fuselage 2 the two wings 

20 and 20' abut with their outer edges 25 and 25' against 
the end pro?le parts 23 and are structurally rigidly 
connected therewith. The end pro?le parts 23, in addi 
tion to being provided for structural purposes, also 
serve for preventing the lateral ?ow at the wings in the 
direction of the outer Wing edges 25 and 25’, and thus 
contribute to a lift increase. The union between the 
fuselage 2 and the wings 20 and 20' does not require a 
rigid connection. The forward or leading edges of the 
two wings 20 and 20’ are de?ned with reference nu 
meral 21, and 21’, and the rear or trailing edges thereof 
are identi?ed with reference numerals 22, and 22'. In the 
embodiment shown, viewed in a top plan view, the 
forward or leading edge 21’ of the lower wing 20’ is 
positioned under the rear or trailing edge 22 of the 
upper wing 20. In the area or range of half the span of 
the wing halves of the upper and lower wing 20 and 20', 
the distance or gap S (FIG. 2) between the two wings, 
with reference to the vertical airplane axis z amounts to 
approximately one third of the depth T of the wing at 
this point. This results - with the corresponding adjust 
ment or setting of both wings 20 and 20’ with respect to 
each other in a two-dimensional ?ow - in an optimal 
biplane arrangement. 
A a identi?es the setting angle of the two wings 20 

and 20' with respect to each other. In conjunction with 
the vertical interval or separation h of the wings 20 and 
20', this adjustment or setting has special importance, 
namely with respect to an improved glide ratio and a 
high maximal lift. 
Both in the case of the upper and of the lower wing 

20 and 20', the forward or leading edges 21 and 21' are 
markedly sweptback and drawn forwardly in the area 
of the fuselage 2 so that so-called strakes 30 and 30’ are 
produced. These strakes produce the free forward or 
leading edge vortices W (FIG. 5) which are known 
from delta wings and which contribute to an additional 
increase of the lift at the wing. Further identi?ed with 
reference numeral 6 is the position of the propulsion 
unit of the airplane. In the embodiment shown of the 
wing system, the air intake 7 of the propulsion unit 6 is 
advantageously positioned between the wings 20 and 
20’ and below the strake 30 of the upper wing 20. This 
position is favorable also at large angles of incidence or 
Wing settings of the wing system against the ?ow. 
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As is further apparent from FIG. 3 and FIGS. 50 

through 50, a number of possibilities of construction are 
conceivable for the‘ wings in the area or range of the 
outer wing edges 25 and 25'. FIG. 3 shows an embodi 
ment in which the two wings 20 and 20' join an end 
pro?le part 23 and change over into a common wing tip 
26 and 26’. In this case a gap S has been left at the con 
necting point of the two wings 20 and 20’ (see also FIG. 
5b). 
By contrast, in the embodiment according to FIG. 5a, 

the provision was so made that the two wings 20 and 20' 
are rigidly connected with the end pro?le parts 23, and 
also in this case a gap S has been left at the connecting 
point of the wings 20 and 20' with the end pro?le parts 
23. In both the embodiments according to FIGS. 3 and 
5b, the wings 20 and 20' are connected over the wing 
tips 26 and 26’ and/or the end pro?le parts 23 to form a 
rigid triangular union or formation. By means of the 
wing tips 26 and 26', an increased wing aspect ratio is 
moreover achieved aerodynamically. 

In the embodiment according to FIG. 50, the upper 
wing 20 has in the area of its outer edges 25 a connec 
tion with the lower wing 20' and wing tips 32a and 32a‘ 
with a positive V-position, and the lower wing 20’ has a 
connection with wing tips 32b and 32b’ with a negative 
V-position. Here again an air gap S has been left at the 
connecting point (25 and 25') between the upper and the 
lower wing 20 and 20'. 
For the missing control ?aps at the wings 20 and 20', 

the horizontal tail unit is so constructed that it assumes 
the rolling and altitude control, as is generally known. 
As is apparent from FIG. 6, three wing systems are 

therein compared with the premise of equal aerody 
namic performance. 

In an airplane con?guration actually made, the in 
duced drag is of direct interest, and speci?cally for 
determined values of lift A and flying speed U00. For 
the induced drag Wi, 

has validity, as has been stated already. Therein Wi is 
the induced drag, K the induced drag ratio, A the lift, U 
the relative wind velocity, and b the wing span, as well 
as p the air density. It is obvious therefore that the 
induced drag ratio, in the aforestated equation, comes in 
directly, but the span to the square. If two different 
wing systems are to have the same lift at the same ?ying 
speed and at the same induced drag, the following equa~ 
tion may be derived therefrom: 

wherein K1 and K2 represent the induced drag ratio of 
two wing systems each being compared with each 
other. According to this equation, the systems shown in 
FIG. 6 are compared with each other. What is treated 
here in these wings are a box-type wing with the alti 
tude ratio for example of 0.3 with the wings 20K and 
20K’, and the vertical wing part 20y, a rhombic wing 
according to the present invention, and an equivalent 
single wing, wherein the wing has been identi?ed with 
reference symbol 20E. 
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The reference letter h identi?es the distance between 
two wings in the direction of the z-axis of the wing 
system. While it is true that the span of the rhombic 
wing is by 27.5% larger than in the box-type wing with 
the same performance, the circumcirculated surface 
which strongly enters into the weight of the wing (here 
the developed length l of the cross section) is smaller by 
about 1%. While in the box-type wing 20K, 20K’ the 
aerodynamic forces at the wing connection are trans 
mitted in the conventional manner as in the single wing 
as transverse force Q and as root bending moment M, 
the root bending moment is eliminated in the rhombic 
wing 20, 20'. Only transverse forces Q and longitudinal 
forces L arise so that at the inner wing (at the inner part 
of the wing) and at the wing connecting structure at the 
fuselage, weight is saved. With determined structural 
weight, the rhombic wing 20, 20' may be given a further 
increase of the span b than is apparent from FIG. 6 
which, according to. the equation for the induced drag, 
means a lower induced drag. 

It will be obvious to those skilled in the art that many 
modi?cations may be made within the scope of the 
present invention without departing from the spirit 
thereof, and the invention includes all such modi?ca 
tions. I ' 

What is claimed is: 
1. In an airplane having two superposedly-arranged 

upper and lower sweptbaek wings which together form 
a closed frame, with reference to a front view thereof, 
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the improvement comprising that said upper wing is 

connected with the airplane fuselage in the form of 
a high-wing monoplane, and said lower wing is 
connected in the form of a low-wing monoplane, 

said frame having a rhombic shape with said upper 
wing having a negative V-position and said lower 
wing having a positive V-position, 

both of said wings being rearwardly sweptback, and 
said upper wing being more markedly sweptback 
than said lower wing, 

said wings being staggered in the direction of the 
wing depth and air ?ow such that the trailing edge 
of the upper wing is positioned approximately over 
the leading edge of the lower wing, 

plate-like means extending parallel to the vertical 
longitudinal central plane of the aircraft and con 
necting the outer parts of the upper and lower 
wings in a vertically staggered manner, 

and wing tip means, extending the wing span and 
common to both wings, associated with said upper 
and lower wings. 

2. An airplane according to claim 1 in which said 
wing tip means are outboard of said plate-like means. 

3. An airplane according to claim 1 in which said 
plate-like means form end plates at the wings and extend 
beyond at least one of said upper and lower wings. 

4. An airplane according to claim 1 in which at least 
one of said wings has a more markedly sweptback lead 
ing edge portion than the remainder of said wing. 
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